The computational investigation on the blade profile of the movable vanes at various angle of attack was used to obtain the shape of the vanes. The SIMPLE algorithm, the standard k-ɛ model, and the near-wall treatment were used to do computation. This method successfully obtained the flow fields of the blades, and the blade profile could be modified based on the flow fields.
INTRODUCTION
Many scholars study vertical axis turbines. Darrieus put forward a straight blade vertical axis wind turbine (SB-VAWT) which had broad application prospects [1] , traditional SB-VAWT was difficult to realize self-starting because of its structural constraints. Therefore, many scholars had done a lot of research on it [2] . In 2007, Mazharul Islam proposed the characteristics of airfoils for low-power SB-VAWT [3] . Kiwata Takahiro designed a micro SB-VAWT whose pitch varies with azimuth, and wind tunnel experiments proved that this kind of mechanism could improve the performance of SB-VAWT [4] . The famous Savonius vertical axis turbine was a typical resistance type tidal generator, which usually operated at low flow rate, and _______________________ the maximum efficiency was only 20% [5] . Lam and Dai analyzed the hydrodynamic performance of straight blade turbine in different forms [6] . Hwang used CFD method to study the influence of blade number, tip speed ratio and angle of attack on the hydrodynamic performances and the energy utilization rate of vertical axis tidal turbine [7] . Li used UBC discrete vortex method to analyze the output power and the torque fluctuation of the turbine at different blade tip speed ratios [8] . However, these works had not put forward more feasible solutions to solve the problems of the self-starting and the high efficiency.
THE IDEA OF THE MOVABLE DOUBLE STREAMLINE VANE
The movable vanes consist of two upper and lower blades. A streamlined shape was formed when the two blades close, and it could get minimum resistances when it rotated in the counter current. To solve the problem of self-starting, the side surface of the vane was airfoil so that the lift was generated when the fluid flowed through the two blades. In this way, the two blades could be opened to get maximum resistance when they rotated in the downstream current. The two movable double streamline blades was connected to the rotating shaft and rotated together with the support of the rolling bearing. There were some stop blocks between the blades and the rotating shaft, so that they could effectively limit the angle of deflection of the blades. In this way, the blades could be opened as much as possible to absorb the kinetic energy of the fluid, and be closed to the greatest extent to reduce resistance.
The working principle of vertical axis fluid turbine with the movable double streamline vane was shown in Fig. 1 . At the work side, the blade 1 was perpendicular to the flow direction, and the lifts were generated by the flowing fluid between the blades. The blade 1 was in a critical state that was about to be opened. Blade 2 was opened by the lifts generated by the flow through the blades. At the same time, the movable vanes generated resistances. The blade 3 was not completely closed due to the fluid lift between the blades and the inertial force. But its shape was still streamlined when it rotated at the work consumption side, which greatly reduces the resistance of the fluid. The blade 4 was completely closed to form a streamline by the force of the fluid, generating a very small resistance. The vertical axis fluid turbine started under the function of the resistance difference between the work side and the work consumption side and began to rotate at low speed. With the increase of the flow velocity, the resistance differences between the work side and the work consumption side become larger, so that the rotate speed of the turbine increased. 
THECOMPUTATIONAL INVESTIGATION OF THE BLADE PROFILE
The purpose of the movable double streamline blades was to get the minimum resistance when the blades rotated at the work side and the maximum resistance when they were opened at the work consumption side, so that the vertical axis turbine could work. In order to get the minimum resistance when the blades were closed at the work side, the shapes of the blades must be designed to be streamlined according to the theory of fluid mechanics. The main streamlined profile are Cocks streamline, semi ellipse plus arc streamline, semi ellipse plus semi ellipse streamline and semi ellipse plus parabola streamline. In this paper, the four streamlines had the same slenderness ratio, and ICEM software was used to generate grids. And in order to make the movable double streamline vane be opened in time when it rotated at the work consumption side, enough lifts must be generated when the fluid flowed through the closed blades. So the shape must be airfoil when the vane rotated at work consumption side. Considering the feasibility of the curved surface, the plane convex airfoil was chosen to simulate the flow fields to determine whether the shape met the requirements.
The FLUENT software simulated the flow fields of the four streamlines and the airfoil at 0, 30 and 45 degrees angle of attack. The models were generated in ICEM. SIMPLE algorithm was used to solve the coupling of pressure and momentum equation, and the standard k-ɛ model was used to simulate the turbulent flow. The near-wall treatment was used for simulate the boundary conditions. The discrete scheme was the second-order upwind difference. The inlet boundary was the velocity inlet, and the exit boundary was the free outflow. And the current speed was one meter per second. This paper just showed the flow fields of the plane convex airfoil and the semi ellipse plus arc streamline at 0 degree angle of attack.
The semi ellipse plus arc streamlines had very good resistance characteristics, and the separation point was near the tail as shown in Fig. 2 . Compared with the other three kinds of streamlines, the resistance characteristics of the semi ellipse plus arc streamline were the best, and the Cocks streamlines were the worst. This was because the wake section of the Cocks streamline had certain negative curvature, so that the separation point moved forward to produce certain pressure drag. Therefore, when the vane rotated at the work consumption side, the semi ellipse plus arc streamline was used for the movable double streamline vane. And there was a low pressure zone near the leading edge of the plane convex airfoil according to the flow fields in Fig. 2 . Thus the pressure difference between the upper and lower surfaces was generated, so then the lifts occurred. In this paper, the lifts met the design requirements of the movable double streamline vane as the Reynolds number beyond 10000. So the plane convex airfoil could be used for the movable double streamline vane when it rotated at the work consumption side. 
CONCLUSIONS
The SIMPLE algorithm and the standard k-ɛ model could be used for the computational investigation on the blade profile. And the way to obtain the blade shape parameters by the computational investigation on the blade profile of the movable double streamline vanes at 0, 30 and 45 degrees angle of attack was feasible.
